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DTXLIHU XVLQJ WKH 7352*6 >@ DQ LQGLFDWRU WUDQVLWLRQ SUREDELOLW\ DQG VSDWLDO0DUNRY FKDLQ DSSURDFK DQG WKH
18)7 >@ D UHDFWLYH WUDQVSRUWPRGHO WR VLPXODWH WKH UHOHYDQW OHDNDJH DQG JHRFKHPLFDO SURFHVVHV GULYHQ E\
VROXELOLW\RI&2$TXLIHUKHWHURJHQHLW\ZDVFKDUDFWHUL]HG IURP WKHSURSRUWLRQVRIJHRORJLFXQLWV LGHQWLILHG IURP
OLWKRORJLFZHOOORJVIURPWKH+LJK3ODLQVDTXLIHUWRGHULYHVSDWLDOFRUUHODWLRQOHQJWKVIRUWKHELPRGDOVDQGDQGFOD\
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7F   \U     5DWLRIRUEULQHOHDNDJHWDLO
7F   \U  7E   \U
7P   0LWLJDWLRQWLPH\U 7P   0LWLJDWLRQWLPH\U
$V\QWKHWLFOHDNDJH FXUYHLVXVHGWRVLPXODWHOHDNDJHRI&2 DQGEULQHLQWRWKHDTXLIHU)LJXUHEDVHGRQWKH
SDUDPHWHUGLVWULEXWLRQVOLVWHGRQ7DEOHV DQG7KHOHDNDJHFXUYHSDUDPHWHUVZHUHGHULYHGIURPFRQGXFWLQJ
ZHOOERUH VLPXODWLRQV IRU HDFK  ZHOOV LGHQWLILHG DV SRWHQWLDO OHDNHUV ZLWKLQ WKH PRGHO GRPDLQ ZLWK ERXQGDU\
FRQGLWLRQVRULJLQDWLQJIURPDGHHSUHVHUYRLUPRGHO&RQFHSWXDOO\&2 IOX[HVLQFUHDVHWRDFRQVWDQWOHYHOGXULQJWKH
RQVHW RI &2 LQMHFWLRQ LQWR WKH VWRUDJH UHVHUYRLU PDLQWDLQ D FRQVWDQW IOX[ GXULQJ LQMHFWLRQ DQG WKHQ GHFUHDVH
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7KHJURXQGZDWHUPRGHO GRPDLQ H[WHQGV WR NP×  NP× PZLWK D VLQJOH OHDNDJH VRXUFHSODFHG DW WKH
ERWWRPRIWKHPRGHOQWKHx PDQGy PDQGPDLQWDLQHGE\DFRQVWDQWK\GUDXOLFJUDGLHQWLQWKHx
GLUHFWLRQ  7KH RUWKRJRQDO JULG KDV D WHOHVFRSLQJ PHVK FHQWHUHG DURXQG WKH LQMHFWLRQ ORFDWLRQ ZLWK FHOO ZLGWKV
H[WHQGLQJIURPPWRPLQWKHxGLUHFWLRQPWRPLQWKHyGLUHFWLRQDQGLVIL[HGDWPLQWKHz
GLUHFWLRQ 7KH JULG GLPHQVLRQV DUH   DQG  QRGHV LQ WKH x y DQG z GLUHFWLRQV UHVSHFWLYHO\ IRU D WRWDO RI




















$6RERO¶VHQVLWLYLW\DQDO\VLVZDVFRQGXFWHG WRDVVHVV WKHFRQWULEXWLRQRIHDFKSDUDPHWHU WR WKHYDULDQFHRI WKH
RXWSXW UHSRUWHG RQ7DEOH 5DQNHG LQ RUGHU RI LPSRUWDQFH FXPXODWLYH LQMHFWHG&2PDVV&2 IOX[ DQG VDQG
SHUPHDELOLW\ZHUHWKHPRVWVHQVLWLYHSDUDPHWHUVFRQWULEXWLQJWRSOXPHYROXPH$OORWKHUSDUDPHWHUVDSSHDUWREH
VHFRQGDU\ RU KDYH DOPRVW DQ LQVLJQLILFDQW RXWFRPH RQ PRGHO RXWSXW ,Q JHQHUDO SOXPH YROXPHV DUH VWURQJO\
FRUUHODWHGWRWKHFXPXODWLYHDPRXQWRI&2OHDNHGLQWRWKHDTXLIHU

3. Results and discussion. 
1DWXUDO UHFKDUJH KDV WKH SRWHQWLDO WR UHPHGLDWH FKDQJHV WR JURXQGZDWHU FKHPLVWU\ EXW LW PD\ WDNH VHYHUDO














VLPLODU SOXPH EHKDYLRU WR WKDW LOOXVWUDWHG IRU S+ SOXPHV  7KHVH LPDJHV RI SOXPH HYROXWLRQ VKRZ WKDW QDWXUDO
 Kayyum Mansoor et al. /  Energy Procedia  63 ( 2014 )  4799 – 4806 4803


































WKH DTXLIHU PXFK PRUH VR YDULDWLRQV LQ SHUPHDELOLW\ DQG VDQGVKDOH FRUUHODWLRQ OHQJWKV >@ )RU WKLV UHDVRQ ZH
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FRUUHODWLRQFRHIILFLHQWR2 RIDQG IRU WKHQRLPSDFW DQG0&/ WKUHVKROGSOXPHVRYHU WKHSHUPHDELOLW\
UDQJHDVVHVVHG)LJXUH7KHVHFRUUHODWLRQVSURYLGHUHDVRQDEOH LQGLFDWLRQRI WKH LPSDFW WKDW&2 OHDNDJHZRXOG
KDYHRQJURXQGZDWHUS+IRUDJLYHQWKUHVKROG7KH\VXJJHVWWKDWDIROGLQFUHDVHLQWKHDPRXQWRI&2OHDNHG





WKH DPRXQW RI WLPH WKDW LV QHHGHG WR UHVWRUH WKH JURXQGZDWHU DIWHU WKH OHDNDJH VRXUFH KDV EHHQ LGHQWLILHG DQG
PLWLJDWHG7RWDOUHFRYHU\WLPHZDVFRPSXWHGE\DGGLQJWKHWLPHWRSHDNDIWHUPLWLJDWLRQWRWKHHVWLPDWHGUHFRYHU\
SHULRGGHWHUPLQHGE\(TXDWLRQ  7KHPHDQR2 YDOXHV IRU WKHSRVWSHDN UHFRYHU\ZHUH IRU WKHQRLPSDFW
WKUHVKROG DQG  IRU WKH 0&/ WKUHVKROG VXJJHVWLQJ D KLJK GHJUHH RI FRQILGHQFH IRU WKH HVWLPDWHG SOXPH
UHFRYHU\DOORZLQJVRPHFRQILGHQFHLQHVWLPDWLQJWKHUHFRYHU\VWDJHEH\RQGWKH\HDUPRGHOVLPXODWLRQSHULRG

)LJXUH  VKRZV WKH UHODWLRQVKLS EHWZHHQ&2 IOX[ FXPXODWLYH LQMHFWHG &2PDVV SHUPHDELOLW\ DQG UHFRYHU\









 Kayyum Mansoor et al. /  Energy Procedia  63 ( 2014 )  4799 – 4806 4805
$ VLPLODU DQDO\VLV IRU WKH 7'6 SOXPHV VKRZ SRRU R2 ILWV RI  DQG  IRU WKH QRLPSDFW DQG 0&/
WKUHVKROG SOXPHV UHVSHFWLYHO\ 7KH SRRU FRUUHODWLRQ IRU WKH 7'6 QRLPSDFW WKUHVKROG FDQ EH DWWULEXWHG WR WKH
VPDOOHUSOXPHVL]HVVLQFHWKHPD[LPXPEULQHLQMHFWLRQUDWHVDUHDERXWWLPHVVPDOOHUWKDQWKH&2LQMHFWLRQUDWHV
DQGLQJHQHUDOWKH7'6QRLPSDFWWKUHVKROGSOXPHVDUHDERXWRUGHUVRIPDJQLWXGHVPDOOHUWKHS+QRLPSDFW
WKUHVKROG SOXPHV  7KH VPDOOHU 7'6 SOXPHV RFFXS\ IDU IHZHU JULG FHOOV WKDQ WKH S+ SOXPHV VR WKH HIIHFWV RI






JURXQGZDWHU DTXLIHU WR GHPRQVWUDWH WKH FRQVHTXHQFHV RI PLWLJDWLRQ RI WKH OHDNDJH VRXUFH 5HVXOWV IURP WKLV
IUDPHZRUN VKRZ D VWURQJ FRUUHODWLRQ EHWZHHQ WKH FXPXODWLYH LQMHFWHG &2 PDVV DQG WKH YROXPH RI LPSDFWHG
JURXQGZDWHU IRU D JLYHQ S+ WKUHVKROGV:HZHUH DEOH WR H[WHQG WKH RXWSXWV RI WKH QXPHULFDOPRGHO WR HVWLPDWH
SOXPHUHFRYHU\SHULRGVWRSUHLQMHFWLRQJURXQGZDWHUS+FRPSRVLWLRQV7KHUDWHRIUHFRYHU\LVOLNHO\WRGHSHQGRQ
VHFRQGDU\IDFWRUVVXFKDV&2IOX[SHUPHDELOLW\DQGSK\VLFDOKHWHURJHQHLW\5HFRYHU\WLPHVFDQYDU\E\DVPXFK






7KLVZRUNZDV VXSSRUWHG E\ WKH1DWLRQDO 5LVN$VVHVVPHQW 3DUWQHUVKLS 15$3 WKURXJK WKH1DWLRQDO (QHUJ\
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